INTRODUCTION
In current cases of prostate cancer (PCa), distant metastases have been reported in fewer than 5% of newly diagnosed patients, which represents a marked decrease from past data. 1 In Korea, 9.0% of PCa cases had distant metastases at diagnosis between 2006 and 2010 according to the Korean Central Cancer Registry. 2 Hormone treatment, known as androgen deprivation therapy (ADT), was originally introduced as a treatment option for these patients. Notably, despite the substantial decrease in metastatic PCa, the use of ADT increased sharply between 1989 and 2001, 3 which reflects the fact that many patients with non-metastatic and even localized PCa receive ADT, which is not always in accordance with the guidelines.
The advantages of ADT are well documented; it can relieve symptoms caused by metastatic disease or prolong survival when
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PATIENTS AND METHODS

Study cohort
We conducted the current study as an observational design with prospectively collected data from 12 institutions nationwide listed in the affiliations. The study patients included consecutive men aged over 20 years with any stage of biopsy-proven PCa (TanyNanyMany) between March 2014 and December 2017. Patients with (1) a previous history of any hormone or steroid therapy, (2) brain metastasis, (3) Eastern Cooperative Oncology Group performance status >2, or (4) cardiac disease were excluded from our analyses. Researchers from all the 12 institutions obtained Institutional Review Board approval from each hospital listed in the affiliations before entering any data into the registry (approval number: B-1312/230-006, Seoul National University Bundang Hospital Institutional Review Board, Seongnam, Korea). Informed consent was obtained from each patient before participation. Unified data templates were used for consistent data collection at each institution, and data were retrospectively reviewed from medical records. Due to the observational design of the study, neither randomization nor a fixed group was needed. Blinding was not applicable in this study design.
Study methods
A flow diagram of the study process is presented in Figure 1 . The study period consisted of screening (2 weeks), therapeutic (48 weeks), and follow-up (12 weeks) periods. Following the standardized study protocol, all patients enrolled took hormone treatments appropriate for their disease status throughout the entire therapeutic period (48 weeks). Because we aimed to analyze the trend in real-world practices in hormone treatment, we allowed all luteinizing hormone-releasing hormone (LHRH) agonists (leuprolide, goserelin, etc.) and antiandrogens (flutamide, bicalutamide, etc.) as investigational drugs; however, we did not include LHRH antagonists. We recommended that physicians not change treatments throughout the full study period, but we permitted changes with records of cause. We assessed compliance based on the number of administrations of hormone therapies for PCa from visit 3 (first treatment visit) until visit 7 (end of the study).
Efficacy, safety, and QoL assessments
We defined efficacy as (1) the rate of castration (serum testosterone ≤50 ng dl −1 )
10 at 4-week visit and (2) breakthrough (serum testosterone >50 ng dl −1 after castration).
Safety assessments included routine examinations for potential adverse events according to the World Health Organization (WHO) classification:
11 laboratory abnormalities including hematology, coagulation, and blood chemistry at 4, 12, 24, 36, 48, and 60 weeks; blood pressure; and body weight. We assessed the bone mineral densities (BMDs) of the femur and lumbar spine at baseline as well as at the last follow-up visit (60 weeks). All patients were assessed prior to each injection unless otherwise stated. In addition, the patients' vital signs were checked 2 h and 4 h after each injection.
We also assessed QoL using the Expanded Prostate Cancer Index Composite-26 (EPIC-26) 12 at baseline and throughout the study period.
Statistical analyses
We used independent or paired t-tests, as indicated. We also conducted a comparative analysis between the LHRH agonist with anti-androgen (complete androgen blockade, CAB) and LHRH agonist monotherapy. We performed univariate and multivariate logistic regression analyses in order to determine the significant variables associated with castration and breakthrough. The safety analysis included all patients who received at least one administration of investigational drugs, provided that they had a safety profile. For the safety and QoL analyses, we used the intent-to-treat population, which comprised all patients, regardless of protocol deviations, except for those who had missing testosterone values at 4-week visit. We performed all statistical analyses using SPSS version 21.0 (IBM Corp., Armonk, NY, USA) and considered a two-sided P < 0.05 to be statistically significant.
RESULTS
We enrolled a total of 292 patients in the current study. , respectively. The visit completion rate was 67.2% at the last follow-up visit (Supplementary Figure 1) , and the therapeutic regimen completion rate was 53.1% at the end of the study (Supplementary Figure 2) .
The nationwide trend of hormone treatment for PCa
The practice pattern analysis of the 279 patients (95.5%, Supplementary Figure 2) found that the most common initial therapeutic regimen was CAB (78.0%), followed by LHRH agonist monotherapy (16.0%) and anti-androgen monotherapy (6.0%). The most commonly used LHRH agonist for combination and monotherapy was leuprolide (64.0% for combination and 58.0% for monotherapy), followed by goserelin (28.0% and 21.0%, respectively) and triptorelin (8.0% and 21.0%, respectively) ( Figure 2 ). Only bicalutamide was used for anti-androgen monotherapy (100%). The regimen change rate at 
The efficacy analysis: comparison of treatment modalities
In the efficacy analysis among the 255 patients (87.3%, Supplementary Figure 2 ) who completed baseline laboratory testing, the castration rate was 78.4% (Figure 3a) . The CAB group showed a significantly higher castration rate than the LHRH agonist monotherapy group did (84.5% vs 71.4%, P = 0.041; Figure 3b ). Despite having lower castration levels of testosterone (≤20 ng dl −1 ), 13 the CAB group still showed a significantly higher castration rate (80.0% vs 66.7%, P = 0.05; Figure 3c ). Notably, mean testosterone at the 4-week visit was significantly higher in the LHRH monotherapy group (75.4 ng dl −1 vs 37.6 ng dl −1 ); there were no significant differences between the two groups at the 12-week visit (Supplementary Figure  3) . Breakthrough occurred in 6.6% and 10.3% of all patients with castration cutoff values of 50 ng dl −1 and 20 ng dl −1 , respectively (Supplementary Figure 4a) . The median (interquartile range, IQR) period between castration and breakthrough was 44 (23-44) weeks. The CAB group also showed significantly lower breakthrough rates than the LHRH agonist monotherapy group at both castration cutoff values of 50 ng dl −1 and 20 ng dl −1 (4.0% vs 19.0%, P = 0.002 and 7.5% vs 23.8%, P = 0.004, respectively, Supplementary Figure 4b and 4c) . Multivariate logistic regression analysis identified age (P = 0.007), body mass index (BMI) (P = 0.008), and initial therapeutic regimen (LHRH agonist monotherapy vs CAB, P < 0.001) as significant predictors of breakthrough (Supplementary Table 1 ). In contrast, there were no significant predictors associated with castration (Supplementary Table 2 ).
In addition, in subgroup analysis according to the initial LHRH agonist agent, regardless of the initial therapeutic regimen, leuprolide showed the lowest efficacy in castration rate (72.1% compared to 88.9% [goserelin] and 91.7% [triptorelin], P = 0.002; Supplementary Table 3 ). In terms of PSA profile, mean PSA decreased from the baseline of 180.9 ng ml −1 to 25.5 ng ml −1 at the 4-week visit, then further to 8.1 ng ml −1 at the 12-week visit. It still decreased further to 4.7 ng ml −1 at the last follow-up visit (data not shown).
Safety assessment profile
The laboratory results (total cholesterol, TG, HDL, and LDL) related to dyslipidemia worsened after hormone treatment (Figure 4 ). In the early phase, in particular, this phenomenon was observed with statistical significance (all P < 0.05). In addition, the mean BMD T-score was also significantly lower at the last follow-up visit (−1.950) than at baseline Figure 5a) . However, there were no significant changes during the study period in BMI or glucose profile including HbA1c (all P > 0.05; Supplementary Figure 5b and 6) .
QoL assessment profile
Regarding the EPIC-26 scores, we linearly transformed the responses into a scale of 0-100, with higher scores indicating better QoL. During the study period, the mean total EPIC-26 score decreased from 84.8 (s.d.: 12.2) to 78.3 (s.d.: 8.1). Notably, in comparing the EPIC-26 domain subscales with the mean score, only the urinary domain showed significant deterioration after hormone treatment (P = 0.039); there were no significant changes in any of the other domains (all P > 0.05; Figure 5 ).
DISCUSSION
To the best of our knowledge, this is the first nationwide study to investigate the current hormone treatment in real-world practice settings for PCa in Korea.
The present study showed that the most common initial therapeutic regimen was CAB, and that the most commonly used LHRH agonist was leuprolide. A previous large cohort study from 14 European Union (EU) countries also demonstrated that the most common preparation was leuprolide (61%), followed by goserelin (25%) and triptorelin (12%). 14 Iannazzo et al. 15 showed that leuprorelin 22.5 mg was the most cost-effective treatment in Italy, as compared to leuprorelin 11.25 mg, triptorelin 11.25 mg, and goserelin 10.8 mg. We hypothesized that the current trend in hormone treatment was largely influenced by cost-effectiveness.
In fact, in Korea, leuprorelin 22.5 mg is prescribed since it occupies the lowest price point. 16 In addition, because the leuprolide patent expired in 2014, generic products have entered the Korean market, so subsequent active marketing and price competition have led to even higher usage of leuprolide despite its low efficacy (Supplementary Table 3) .
In the comparative analysis of clinicopathological features between the initial LHRH agonist monotherapy group and the CAB group, the CAB group showed a significantly higher mean prebiopsy PSA value (210.6 ng ml −1 vs 30.6 ng ml −1 , P < 0.001); a significantly higher mean percentage of positive biopsy core number (72.5% vs 45.8%, P < 0.001); and significantly higher frequencies of high Gleason score (P = 0.016), clinical N1 (33.5% vs 9.5%, P = 0.002), and clinical M1 (38.5% vs 4.8%, P < 0.001; Supplementary Table 4) . Despite these adverse features, the efficacy analysis showed the superiority of CAB to LHRH agonist monotherapy in castration and breakthrough (Figure 3 and Supplementary Figure 4) . Even with strong rationales for administering CAB, results from previous individual clinical studies have been conflicting. [17] [18] [19] [20] [21] In a previous meta-analysis, Samson et al. 17 found no statistically significant difference in survival at 2 years between the CAB and monotherapy groups (twenty trials; hazard ratio [HR] = 0.970; 95% confidence interval [CI]: 0.866-1.087). However, they also demonstrated a statistically significant difference in survival at 5 years that favored CAB (ten trials; HR = 0.871; 95% CI: 0.805-0.942). Recently, Usami et al. 18 conducted a phase III randomized, doubleblind, multicenter trial in Japanese patients and reported that first-line CAB with bicalutamide 80 mg in Japanese patients with advanced PCa offered significant benefits over LHRH agonist alone in time-totreatment failure and time-to-disease progression. Our current data provide further support for these results, specifically in another Asian population.
In terms of safety profile, the present study showed a significant deterioration of lipid metabolism after 4 weeks of hormone treatment (i.e., total cholesterol, TG, HDL, and LDL; Figure 4) , as well as a significant deterioration of bone metabolism, according to the BMD results at the last follow-up (Supplementary Figure 5a) . Consistent with our results, Smith et al. 22 reported that serum total cholesterol, HDL, and LDL concentrations each increased at 12-week by 9.4% (s.d.: 2.4%), 9.9% (s.d.: 2.9%), and 8.7% (s.d.: 4.7%), respectively (all P < 0.05); serum TG also increased by 23.0% (s.d.: 8.0%; P = 0.04) at week 12. The observed increase in this lipid panel was associated with classic metabolic syndrome. 22 In this regard, the science advisory boards from the American Heart Association, American Cancer Society, and American Urological Association presented general preventive strategies for all men who were beginning ADT. These strategies include yearly lipid panels, dietary modification or medication (in the case of abnormal parameters), smoking cessation, weight loss (in the case of being overweight at baseline or becoming overweight thereafter), and regular exercise. 23 However, aggressive treatment is not currently recommended for dyslipidemia; no definite relationship between adverse cardiovascular events and ADT has yet been outlined. Even considering this, we hypothesized that cardiovascular side effects could be decreased further through the early assessment and treatment of dyslipidemia within 4 weeks after treatment, which was a part of the current study protocol. Importantly, in this study, we serially evaluated BMD after ADT in every study participant (baseline and last follow-up), and the mean BMD T-score decreased from −0.195 to −1.950 (P < 0.001; Supplementary Figure 5a) . Skeletal complications, such as decreasing BMD and subsequent fractures (up to 20%), are other well-known consequences of ADT. Although these complications are asymptomatic in most patients, monitoring bone status during the treatment period is highly recommended, due to the negative correlation between the length of ADT and BMD. 24, 25 The most commonly used preventive strategies aimed at reducing skeletal side effects include calcium (1500 mg) and vitamin D (800 IU) supplementation; lifestyle modification with increased exercise, decreased alcohol consumption, and cessation of smoking; and normalization of BMI. 26 Notably, Smith et al. 27 found that denosumab (human monoclonal antibody against receptor activator of nuclear factor kappa-B ligand), at a dose of 60 mg injected subcutaneously every 6 months, increased BMD and reduced the 3-year risk of new vertebral fractures by 62% in patients treated with ADT.
Health-related QoL profiles provide important information about the impacts of treatment. The current study showed significant deterioration in the urinary domain of the EPIC-26 ( Figure 5) . In contrast, several previous studies have reported improved urinary symptoms with ADT. 28, 29 Theoretically, ADT improves urinary symptoms in PCa patients, leading to a complete reduction in prostate size rather than a reduction in the cancer volume itself. Notably, taking this into consideration, several previous studies have shown that testosterone treatment induced bladder neck smooth muscle relaxation and the rapid inhibition of contractility in detrusor smooth muscle preparation. 30, 31 Recently, Haider et al. 31 reported that long-term testosterone treatment in hypogonadal men resulted in a significant improvement in urinary function. Taking these findings together, we tentatively conclude that the pathophysiologic changes of bladder function due to the testosterone deficiency after castration exacerbated the urinary symptoms.
The present study has several limitations that should be acknowledged. First, the small number of study patients analyzed is a crucial drawback, and therefore, our conclusions cannot be generalized. In addition, patients' compliance was low, as evaluated by visit and therapeutic regimen completion rates (Supplementary Figure 1 and 2) ; accordingly, some of our results deviate from the essence of the data. Second, we did not analyze the results of adverse events and serious adverse events according to the National Cancer Institute Common Terminology Criteria for Adverse Events version 3.0 because the quality of data of this profile was poor, due to the aforementioned low compliance of the study patients (Supplementary Figure 2) . As a result, we could not evaluate any subjective side effects (e.g., hot flushes, fatigue, sexual side effects, or cognitive function). Finally, we only allowed LHRH agonists; accordingly, we could not consider LHRH antagonists for analysis despite the fact that they currently comprise a substantial proportion of hormone treatments. Previous studies have reported that an LHRH antagonist (degarelix) offers a lower risk of PSA progression or death than leuprolide. 32 However, the use of LHRH antagonists has thus far been limited to current clinical practice settings in Korea due to the reimbursement regulation that requires the response to be evaluated every 3 months through imaging. As such, the present study reflects current real-world practices.
CONCLUSIONS
This is the first nationwide study to demonstrate the current trend in hormone treatment for PCa in Korea. The most common initial therapeutic regimen was CAB, and the most commonly used LHRH agonist was leuprolide. In addition, the efficacy analysis of castration and breakthrough showed the superiority of CAB to LHRH monotherapy. Regarding the safety profile, we found significant deteriorations of lipid and bone metabolisms. Additionally, the current study showed a significant deterioration in the urinary domain of the EPIC-26. These results can contribute to the development of optimized therapeutic strategies for Korean PCa patients. 
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